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The fields in whioh borideos of refractory, transition metals caa be

applied are -quite varied. In the literature there are reports of their use

in the production of hard alloys for making gas turbine parts, in the mano-

facture of nozzles for matallized equipents exhaust pipes for engines.

• centrifuge parts. piatens for automutic preanos, crucibles for fusion of

refractory Witels. protective pipes for thort couple InorAion pyrometers.

etc. (I through 41]

Borld0s of rofructory trunsitionl ml.tal5 are also of interest fro2 the

view point of the theory of the -tructura of metal cox*;andS. The uniqueness

of boridasa lies in the fact that by ;o0o30313• a nnumber of cheiractarlstics

which are typical of the so-called"iznteratitial Xphasese. they 0o bot have the

ordinary linterstitital' structure due ti the large size of the boron atom.|

The beride allys uri of stenific~int iractical and t'.eoretical interest.

despiute tue fuct tvut their study i "in the beainnlng• taLe.

la ! iB:'- Cr8'7 TiB' li- end -ri

ward studie33. After t•a:ing into accounz the ,.roportles of tha initial borides

and the .osaiblo t.jc:inicul use Of their alloys. t.ie resoarch was eondaucted

alonS the tollowint; basic linois *)

1)' l he atady of tho C3t34 ca,-iltiofl L1.al strctares of too jrxodaicUs.

of tnts diffu.Jiun rtuctlin of th0 taltiul birlldoi

--s, t~t s ue tudy of ths ofi.)~rIJi~f tfoo Pila-I.s;

"3•) ,eo atudy of tili corr.l"•O r.-istaune- and tho structure of scule.i of

SAlloys TidI - CrN , d ZrB.- CrB2o.ro Int-ireatin fr--. the visw 31fnt

,if tao c:u~binstiX1 )f th'I !j)j~s juc.4 haiut.i iijh cirriaain rest.4ax~ucd.

r %4.- 1 -. r.

I .L--- 3. "°""*irr~~oy.u~r
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boi nd, it nl for that retasn. a~ll" ca this base deserve wore swfin

study*
Coui~zaon of theae syott"ralso. bad a ectaft Interest from the vimI

point of erperImcfataIV chackiza the eoiAlims of tbe famitIca of. ca t

- ~ u gs ereZ1 of oolIA zo2latlon (4)
The systwn TIB2 - W In ennaloous to the carbide a)'otc TIC kr-

w hich found wide application in the prodiaction of burd elloya, and tkus It

* - V~as po~cible Ina the prcaczt twoe to meect a Scrtain Incrc~ao In the micro-

hordacws of the phaocs.

The literatuire coatalus a a="cr of In8laictoaa teardlaa the exloetwM

*of titanium borido T which Is IacorSp.lke vIth the tuz.,atcz borideV 2 3

Oa this banjo It voaa powoible to pre=&. the exiatence of considearble

sollubillt$ of titteIWa toriC. In V2D 5 duo to the trnacformatlon, of the

*tiatureofrD 2 Ino If~(similar to tur~zU2 coA1bid alloys having a

hoxaml otruaturie alloycd vith carbides vith a cubic lattice L~.

* ~3tartIlad powdered boridea T1D%. 2r5. C 2 . VW2D3 were obtained by a

vacuua-hosiama nothod frus their roeapectve metal oal&.3 (Ti02f ZrO2. Cr2C3 ina-

* : ~VO3). torea tarbldea aol ealelaed aoot, In tbs laboratory wamam "asltaewe

fuet atU4 al reor typo~ ~~wlt a graphite beaterF El a USe CaclstUiUS , al

are g iveI Table I*

The obtained b~aldes ver* grouud to a tall mill, ia a voter aedlw. &ad

the Iran Ir-purities vopho out t-y diluted aeld.

Wible 2 swwov the results of acha.Ie~l, x-ray dirtractIon. ad

47' metric aaalyal# of tht.,Po boridee.



As een. frzo Table 2*%be douiclo couposition of pwovdred borlao* to

waoaiy stolcbdomstrie and the spacing of the crystal lattice** determined L
within the limits or accuracy or tam stuoy. eo=rBnponc to da&%& in the

Iitoratfto. The d...ity deterA.d by tha miczopycnoizstrIe method [111

epoesa vItA the density calculated fr-im x-ray diffraction data.

?AM

Nthod Of Obtatalug S.riaea

Teeroure.sn 04 11540 1770 1070 1)40

Socking, ab 40 60 60 30

Content of Wo& I&

fa5"C I5UaI4

* . latmed .44U&wItty 100$ 9



TABLX 2

Chiaracteristics of Powdered Boridee

Indices T132  Cr32  W23

metal content,, S found 69.4 80,2 70,1 9007.

st'3lchoiomatric . .68.9 80.8 70,6 89,20

Borom content. % found 3o,6 19*3 29.9 .9'8

stoichimatrIc . . . . _1.,1 19,2 29.4 10,8

Cbrb~a content# C (total) 0.7 0,1 0.0.5 0., -

Iroa content. 1.0 O's 0.4 2,0

founWA.. 4.52 6 5*5,22 11.0 -

calculated . . . . . 4.5.2 6,15 5. .13.0

mean grainl size. ) 2,0 14.0 2,6 14.6

Lattice spacIDSO k)(ld.

a

found .*.... 31015±O0O00i 3 0 50-.0.c*6 Ž,.966-.o.Q1 2.96.L0,01

frj.a literary duta 5,mij0.Omi 3,163.to.C02 2.963 2.976

fro-2 ,.wblighad data 3,Z2020.002 3'53OC23C60138

fr. ~andmit i.c66 - 1.11114C3

fr.-.I.riblsh'd daa IC66 .-,

0 ±ecC3rjjU6 to aid.1n 6- ~ d-3r.'ct4va lattice, t~rd tcd actia1

Ca.2,j)3iz13* Lvf tuII ,r-oue: c~rrsjkj-.>ns t.-) f~r ~ Thnd cjii1>aitof

fjr Is :Ivan.
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ObtaininR end Investiratinfn Alloys

Compact samples of alloys were obtained from mixtures of powdered borldes

by the method of hot ,ressinS in eraphite molds on the laboratory press with a

lover .achanism for lo'ading. A aeries of samples were prepared, differing by

10% mole of each co-ponp)nt (and with .5% W B for alloys TO32 - ). The

maples for the motalln.rapnic study, for determination of the corTessive

atronth and for the study or oxidation processese, were 14 m= in diameter and

about 4 na in heignt. To determaine the electrical conductivity aund the

coefficient of linear expansion, eamples 8 in diamoter and 1.5 to 20 m= in

hdight wora pra;'arad. The ;3roalty of the 3a.zplos did not exceed 2 - _;. Tag

optinwna timprdture for bat Iressing the borides was. (in °C):

S . .50o •Cr *. ... 2190

zi&2. .2 . . . 500 2'5 . . . 370

Above these te;ajeruturas, tha s3n1Mlas eslt'3d. losing their matallic

luste'" and turnin• black. Tais wan evide.,,tly dae to the reaction of the boridaes

with th• carbon of the dies and with the for•atiin of comr-aratively lw-malting

eutoctics.

The .-..thll3_,ra-hic stud %us aad.a on secti.ns -repurcd'in the usu&l way.

In order ta vux!,.fe tuts struct .re. sictions of alloys TiB - CrB2 were triated

it'.a A "ixturd of AF # "L*;•) j tlyzrihmd (1 : 1 1:), secti•ns of alloy

Zrd - Crd uiti•a :.lA.turo of :-? .• LC- (: .). und sactions af 'TO, - a B-

by a .-itxt-rt of iCL it'0 tl 1). or s cance.ntrdted 331ltion of ;:a :-31c In M.ýO

dloy' r1iB3 - Cr3- in too,- ,:tire rdn . .e g a! u sInL;ae- iase

stracturd. Tho ..trjetjrd if l•lJyo r13. - a.* nd ZLD - CrB, 13 .1 %Wo-!1ass

str..ctj•rd.

!4



Fig. I shows the dependence of the mean grain size of alloys CrB2-Ti 2 and

CrB2 - ZrB2 on the composition. As seon from this FIS.0 the deponaonce curve of 6

the grain size on the alloy composition of TiB2 -rB2 has a clearly oxpresraz

maximum in the region of high chromium-borlde content. The increase in grain

• size of alloys Ti32 - CrB;E with an Increase in CrB2 content is evidently ox-

plained by the lower rwltinC teoorerture uf chrortium borlde. Therefore the

annealing of alloys rich in chro.atwa baride occurrad at a coi=,aratively higher

temaperature, #,ad tne conditions for the erowth of the grains wore mara favorable.

Tno considorablo decrease in tne grain size during transition to the pure

chro.31um boridu can probably be expluined by the nearness Of the annealing

to-nporature to the molting point. Under h0ese conditions recrystellizatian

occurred sni'ultunoously around a Creat cw-ibor of .auclei. thereby causing a

docroase In Frain sizo. A niudid.r phoho0ronon was observeidwhen, during the

annealing of tungston, the to..iperature o. ;rochoa the malting point. 2

X-rav ditfrbction btuiies wvrd smade by the poder method of ts.Ing x-ray // 1

phototraph3 with ca;;er reaiation. /i sh.wn in Fie. 2. Vgard's ltri is clozely

observed fir elliys TiB - Cr3W-; within tha lILdts of accaracy of our measure.-

mants. the ;.)intb lay on 3traig:,c ilins. Tb• variatlon In the s~Acinzs of the

lattice coa.:3nnts in alloys TiB, - a3 a.d ZrS.. - CrB.. Is nel;lirible and is

within t.he accurucy of tho ,ias':reaints.

Tne olvatrical ciniu•tIvity of ullays TJi - Cr3 and Zr. 2  -. CrB2 w-sz

Miusurad by tai, rna.a:saa bridi-3. Cylinricael sft3.-i1 ss nao a4 3 L& iaco

and a of itzjout 0O ;uIi~ th-tir jp3r~astv flu~tun1t-J Lot~s-i-n aind 10A..

The resistivity vUl.-,a wrr-.s rel-,c-3 to z.-ro p.r.t. by ti fi r Jll

. i'e • • &e.-•,vi-ify •. t.e cou3-%ct tz c,-";..) Wnd :-yJs t .•r. , .terlal;

Li' -7-"
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p 1 the ioroelty In fraeti•cu of one.

content of Cr:12 . % al.

Fig. 1. Doeondonce of mean 6rain size of alloys of chro.•ium dibaride

with diboridos of tituniLu, and zirconium on their comlosti-

tian (afteor annealing at 2CC10' for four hoLrs)"

(1) alloy CrDe - TIB2  (2) alloy Cr32 - ZrB2

-'4 4. ( • La I

a ;V'•o ;i 4. V crT

_ "7

~ ?.P ~ ~ k~zL F1i.. C. Vastd of thi- x-rasy diffraictiin

study of barid*s:

VVI d-.. Cr;m O -CU

b- :yiY:ter rid,

c- :;yszea ý;r~3 - Cr3



.. The position of the maxim of electrical conductivity and microbardneus

on the "composition-proporty* curves coincides in the first approximation (Fig. 3).

The microhurdness of the rlasee was measured on etched sections with a

Hfl".3 inetrument under a load of 30 a. As seen in Fig.' 3 for alloys JIB2 - CrB2.

the curve of the dependence of adcrohardnees on the composition is smooth, with

a maximum of 42O0 kd/m2 at f0% mole TI2. Corroesponding microhardness curves of

phases of alloys T8 - 2• and Txr 2 - CrB2 have a form characteristic of t'do-

Sphase alloys.

- C.

• - " , r). u-- - -- .... . . . .•

t,.., tl4-iz-).• • ! ar.1,:_.,, ,CC~~~'7Ia?~ PC 'Sto

a -1 4 ..

cr'; , .• • /(" • rE .... ,I. .... "'-'

I rI1)HA%- -

M ^I T:9 ;; ;t

f ie. Co-astt1.rn-_r.~jerty diX-s o

a- ystam1 TiDl - Cr3. *

- , "j .-" %!

-- -bysta= ri- - a4-B .4 ."'

c- 6ystam .rt - .rB.

1. Delita of c€rrvsijn" *. Zjaffi•leint ait inea'r cx.j-.slon;

'3. -. ]octricitl c.,sductivity; 4..

•. .€.
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The therwhal coefficient of linear eipension of alloy samples was measured

I% a tevmraturo rneg of 20 to 7000 by a quartz dilatomater -135. The

- mmeal viw aM diaroam of the Instrumwezt are shown In Sig. .

The Instrnmnt consists of a horizontal tubular electric furnaae (1)

w-tk a nichrome beater, in the center of valch Is a quartz tube (2). One end

of the tubs is soldered, and the other Is fastened with clamps (3) to the

table U.) of the •aicroscope (i1).

The test sample (5) (diam 8 man. length 15 to 20 in) is placed in a

grajlbte holder (6) for centering and for a more uniform heating of the

sasuple. By mans of a fiut steal s4rins (7) tha sample in pressed by a quartz

rod We). which in turn abuts net:I'nSt the soldered erA of -the tube (2).

-prin6 (7') is f•sttenod to tube (2) by cl"ps (10). Trie iovem•nt of rod (8)

* duae to the pressure of aw|ple (5) expanding during heating (or due to the

p pressure of spring (7) vwhin comprabsed) is mdusured by a microsco1 o (11)

"with an ocular microan.ter gale (14) of the M-9-1 tylo. Roadizu;s are taken

fr" Indicator (12), whicn isea m-3tal fraei with am at.ttched caver Class on

""vhick fine trtd.iatod lines are drawn.

The temlorature is .•usured by a chromel-alu.oW! ther.a:couple (13)o the

junctiaa of whicit is ;.1 icod iii the atdo oipentnr of the •r:'r.ite ho•lder (()

"" to a delth c.rruIsuditrq to the rLddle o, tku sw.ie. It was estublished

Stat bt a te-joratuire Incr, ot: of .bout .5 to 6;, per ninut-! there was no

noticeoble drop in teCL.Jjrtture betat.on t:;e ztaule and tla ther.r.jc~aule.

Th-e rev;ultb of tL-- ,urum-.r.2t , i-eon ini.. 3 (cFtrves s').

The lI rdt of t rendth t'w w t4tr.Linod on u 1,-ton w,•nutlu

.hydre.ttlic 1.r-bs by . of :j~ecial etuilaent. kris:..:-d fru-:ay.•t•ts of the alloy

%wtre co..,irrt;.itd. 4'~t Ii:.At -if Vindi:;.. r.t . eA.4iji by itua )f

. ,. I.

•.- L . .
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s pecil elquipment on a GZP-.5 testing machine * The cylindri fcal saiuplas IA M

In .4itzate and 3to ma highi w~er bent throu.&h their diaemtei,

Fig Digu of a qurt "/ltot Isalato

(1.lrrt uua fraa ()qate ub

qu.t rods; (10 clm ohl 1i

-A-

tieault.Ditr of ail qoA.uri7nartzd OVut1 intubr j. f~1airoaq-aio.d

uvs(1)l n a litttrc~tubularu tit~ce ()o quarz eset

and lsofro- th ctblap Lof ioesenirq: teso miriuoo; iL4J tOof alla mh-trol. a

eloctri (5) conda ple;t (6)- Fre.hL hidt ; 7 ctr eenluodFrsiau ain vv y1*;

*% 4
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N.•TI.B 2 - CrB2 crystallization of a contizous series of solid solutions occurred,

respectivoly. The solubility of ZrB2 in Cr% Is about 20% mole and the solu-

.,..

*-- bility of Cr32 in ZrB2 is evidontly negligible.

TAMl 3

- Properties of Borldoo of Titani=. 21rcoilum. Curozdum and Tungsten

(in brackets - pabliabod data)

1ndt013 TIB.2 Zr%2 (" 2  V2i 3

.Hicrob1rdnooa. X)&/Pr 3 43000 2 5CC-.*00 1 Y0O1130 ; 60_±130

(3 :370) (2 ý50) (1 000) (2 UO)

*: -"lactrwial coaluctivity

• ,: ..*ob•." cts . ... 100*1 .500 1¢00CO 10 600O-,

(37 700) (Cj 0coo00) U ,0) -

IThoruu coefflcient

of linear *exj'anA~i=

--

-. , in bnd 70 45 -

'•- " -I

*. _____



The Ptudy of corrosion resistane. Mw total oxidation process of borides

can be expressed by oquqatlos .I

S+ ( + - - -- D0

According to Sublished data the solability of the oxides of titanium.

zirconium. and chromium In B.0 at toeperatures belw 1200P Is small, and:3
these metals do not form borates (in tme jeseat study this assumption Vas

checked and confirswd). Thus, at the first zo-ent of oxidation, at 10000

a mschanical mixture of B 0, and the oxide of the correw onding metal is

formed on the surface of the bornldo.

Having accopt.d tho diffusion character of oxidation and considering the

rate of evajoration of B 0 as constant sad equal to B. we obtain the follow- .
B23

Ing equation of the kinetics of bornd. axidation (or of other chemical CoM-

pounds in the oxidized scale of wiaich tarm are volatile com;oaonts)s

vhere I • Is chunLn of welant ;er unit surface of the sample;

A Is the constant of oxilation rate;

ois tne eva;3ratiss rate of B 0 per u:.it surface;"

I is the time of oxiuntion.

.jincu tis oxI.4tti.3n rite- decrit-.53 dtrz. tlio a&d the evalarztion r":o of

B-O can be tat.en as cinmtunt, thara Ilil arriva a =.ý-jt wnen t-4 eva;3r~t1Dn

rata uIll bLc•€. e-iual ta the oxIdti•n rate a•oi t.en -fill exceed It. -bhere-

fare. after a curtain ;-_riod of ii-.e a st all te C3 in t.a tscale viii be

evaI-r~itvd. 'r3Y.L t.,at .---. t clue %Ice •II con.-ist watly of o ,f-is3 31110.

L -1)-



S. . . . ... ... .-

* I I 1I

, .an& the Pzoees at oxidatioe will be dsosribed by a parabollo depeonaaet.

.1, wA i.'(2)

.Ist follows from this that the oxidation process of bOoride8 can be divided

Into two staOe* The kinetic curves of boetde oxidation will divide coare-

spondingly into two atrsot-..

Analyais of Eqe (1) loads to a aeries of dependencee,

-"The duration of the first etace of oxidations

A, 6[0 K1

Where Xe Is the coefficients showin which portion of tho lncreaae in weight

Is due to the torution of metal oxidoz.

T. The vwlu. of is d•ot.ilue only by stoichiomot:ic ratios (see the

Sentral equation for the reaction of boride oxidations

S•+Ta

It •1,.: 0.5. tho during a certain ýcriod of time the voight of the

samlle will deon•r e io the irocesa of oxidation% i.e. tihe ,aximLam will app•ear

on the sector of cutrve AG-t Acrrepa nddin to the first StUCo Of oXIdation.

To this ~imap* corr�.onda tae tt1xs

?.Tuo uriLdu of tisa t - t * 4•irt: Wauc ti. 13 .cco.&pnjn1oJ by a

docre"z. Ina welc.i t. Ist

In ordor %) tjr 1.-Snz• 0officlonts u 4.nd i iii ýq. (1;. it is nvceýary

1ljot aut e~tinti~aw.4a1 crva is uudL..~ e-,~i/# *~r

-14

* -i e

* . 4-, . . . .,,, ,: . ., . . . . . ,' . . , . .; ,• , ' .
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The angle of slope of the straig1ht line vill. equal A; the -Intercept on

the *As win corrOspond to B.

In gneral the prodess of oxidutioncan be describod not by a parabolic,

but by a &top dependence nd Eq. (1) will have the forms

The uerve described by Eq. (8) Is rectIfled when plotting In coardir.ates

"" log (a B) and log t.

The ehance in velht£ of the samplo oeltht-illakeas which Is fixed by.

various voiehting ;othods of toeting (without roiving the alelos), end the

ch .an# In the outer dizensio-s of the asaple connot uniquely charactorize the

oxidaLtion resistance ot the uu.teriul.

Depth corrosion is an indicutor ooenurable for different uitatoriale and

"uniquely churucterizine the degreo of corroaibn and therefro., the corrosion

resistAance. .

Fig, Lla. Wruu of the sculsa f.)r..a. Lian.
IV

7• 7-15-

* 0.*.*



- 4depth of corrosionCG and the thangm In outer dimensions of the, sample

S-C C~ in the process of oxidizing (Fi ). the following relations Ca be

+siv4 as(K9)K)

Vbo:. Oat 1 tho depth of corrosion,

Ira Is the cbun#;o of outor dixzensionia of sa:A1e due to corr031M.,41L

the teale thicknO3s./L

X, 15 the coetticiZnt-4)qual to the depth of. corrosiolli /

during the ch.jn~o In tho weight of tb* =4avle byiice/z2

K,3 to the coefficient equal to the chango In the outer dI~raaions of

sample,(toa/ d uring the chan#;a In the vaight of the saam;1eby'al/~a.

Values IL atucn ba calculaited by ftormn. azas

WA4

Ka~ KI(I)-it

v~hor. Yc Is tae, spucif ic -4oit:t of tho Oidliltet, C04ý*un

* P~ is ttno aaoioulcr -aifht of the oiil.~i~- c.u u

is the w..1tch of tho 3iaxt~o f=.3)i by a.Mstj of I vloe a~ tzi ca.4...an6.

O~is tra4 si1ine-&-d.rth ruti%. (v)1n of ax1tion4& v~liu-3 of

Tablo 41 Ahalii 4:).fcituat vaukloa of ". X1. J% &w 1. f 2r Z Ir,.

CrU4: nd ... 1 ! Yr c. %. ris4n, dutau 4i *iWvu r f.~bi-v. ot1fir cJ.4,,jurn and

allys.

A 41



Coeftltlontsa. 3?hm2zW43ýI

Certain Compounds o hnal.

.5Material iAllowing ~ INthouLt

S ttor the' allowing

I~o,1 f or tba
B'3

TIj.3,70 1.36 .0.40 1405.3 4
ZrB% 3.21 1.22 0*0 L I

r2 7314.04 :0,50 402.3.

W3 2.95 2.00 0,44 W. 7.7

TIC*=:~ Co I .to &* 41 3.3.

~$t1 -. 1.43- . 1.5

sic -14- 765 308

&7,4 4AO.33 B40 -1.17-00O

t~o ~ caiio ecu~it1A& it 4swa'i~ir.~tj.*!~ t h .tta ze.o1s e*notatI-It

i~~tt 1 t %kA ii s xl:..

lu .ar,,r w. -yt:.~ .u t,. r41%) 441A.44 a e,tr a4:.&~si Arti k t. j

5.J -17



Ag Du~rmofludu .*&,I* to th uuuoWO suyn

4. *&-3 5- rsrctr sh-w --

periol ~ ~ '4 (2'3~ fo* ac.te~to t pziodie 0.'ldn W.1,1 th-4 withu Of -ccr

ao Aa h an oA 1a l~o. A the at vu In...l.S~la oxia.a n -,ceAt* )f Ti S,

q44AW t lOfd rInt ai uadt. frnc I-ia ut c. . .)rlesatsi~~,j ;rj

va ba. iA ~ ic of-isr 44iiatS3S3at

F4

'Pori



CIoaapt them ~ 30 bogrs) the Veight lacreast of %be &aw~lex rag* sha~rply

(tons at im.).4

TA=LZ

Oxidation Rate T132

Time of W1Jtiskero"S~ Change In ou~tor caieuistea

* oxdaton5 dimnsims depth of

hra. ~ xperizo3fltn Calulaitod 'ýx;4izr~i%.Ll Calcu1J4.41 corrosion

coo 6,8 .5,2 0*002 0.036 0.10.

7. ..010 9.2 0.0,50055 0.15

*9.3 19 15 0.080 0010 0.26

19'25 20 0,090 04.13 0037

420 23 0,135 0,16 0*45

40 4 2 0,165 0,18 0.52 -

48 28~ 8 -0020 0.563

*63 29 ~ .-9 0,13 0.':1. 0653

845 32 29 0.17 0.22 0662

102 30 30 0, 05 0,21 0059

-9 - 0,5

170, 31 31C-u0.

-Mi7 
-mm 

IMP



Yid. 7, k1nette ourv-js of OXidat10G Of 341a;103 (in A zaxffle I

furnace, In air atmosphere, &ad at 10000),

.Sewtra 3tilaiar jumps could be ob3-rvei 'ntha kinetic culrviS of oxidation L
of jurt trfle (Fie 7. The rouson far such abrupt detirlordti~n of the ;.rj-

t$cti,, qU41i-63 Ofe at.'1 SC41-t Ia ts lasurtici.jut 4tt31ity due ev iduatly

to taw vory oaull valaos of ca-aficiont i'. (the. ratia 4f tsu voluw~ or tao

torsiAS scale tj till v,,w--wu 0 thu o4.i-izoi &at-srlal. 5,-j Tabi.4)

The .oi.tu on t~t uoil.;t lacroaa@ anl~ t vtiofc3Crrja3ti calulalted b~y

forad.e tq) anA obtdab-id durtai; oxlidutl=. of wisthaua alllyaf tar 130 h~ur

'At 10W0. art #;tv~sn la Tub1.i 6 and ta~ Fie., (curvos1)

a~~l ~ %Au rii &nt -~Cr!IL sy4te. is e..nat.WI.rably lou tav,' f-r t-w putmro .

1on.'ts, Tn., 4@tle au4 l:'a at-jr4~~.31.zt difj* auut!: ly fr.).... tia

scale ou ria 4 ulI 434 It cAnt b, zjv 4L*i..~4. I*%. td.04**.? *At.I* tle

-a.A.4, of s Clidu.1~" c - e it i1') wz'4 '-r) t.k A- -1 a,. .And 3d J

tuv.)ribl'e v&4~ u d at A cý;&r i-t M Iit I tal-i )! 13J,. Q1C- 3 CIAV1al Cj.-.-

'J~un. %ýi 0 TI * oJr.J £Is ~~:*~s d I c w*r-*s

.~ . . . . .



by z•rino aned his 1cona.es 16

Weight ohan•e " G(Iu mg/cm2 ) and depth of aorrosion 4 (1. am)

*d4urui oxidation of bonrdas and thoir alloys t3o teair at 100e.

for 150 hours

(in brackets - extrapolated data)

;Comao.*tIoo. 9 mole . TI-,. Ct 2  T - n2 W2.5 - IC,

A B

""100 0 29 0*458 2 0 0.3 30 3r

90. 10 60 0o94 16 0419 24 0.,5

80 20 41 o.63 23 0.23 38 0.76

70 30 - 9 0.18 0.56

60 40 11 0.26 31 0,29 23 0.37

"50 .50 12 0.32 2 .0o.3 22 o.6o

0 60 o.is 005.39 13 o.45

30 70 io 0.68 - -- (9) (o,30)

20 0• 3? 1.W #7 0.39 - -

,,',.

10 i - a?- 1.) e6

10

0 1.0 .05

S . . . .: , -.- - , .. ' .- ' ,,.- .,.

"..



In the systea Zr32 -r the dependent* at the depth of corrosions,

the comaposition to or a coaplex nature. with an inezem. in Cr32 tontent to

4o to 50% =144 the depth of the Corrosion Incraamse somihwbt; between 4O

to 70S .w1* it decrossis and than ^gaAA rises sharp3y.

Th. corrosion reatietanco of the l~ivet~atipt bmides lucre..,., in the

tol1owinc orderi d- T13Ž - ZrD -, Cr32 (at samll exposures). 7ne *orro-

&ion resistaince of Tlxl 4 ?rflk. CrB,. vid Peztlc~Larly tasir alloys. *ice*$&

the eorr~slot% rosistunce of tittuiwa cumrbide* but Is bIer than thazt or so-v

alicldes, The eri~s~io rvis~ttrnee of the borides. vaich Is lowier by com.

W130A~ biIth tho aIlicIdas. 13 oviautrity due to the &uaahatazal 4iffereago

betvoerc 310- an4A 9 D Tas film of coroa oxide foraid by too oxilation at

* - -the b~ri4os cunuot servoe *tf.tlvsly as a jr~ttctlou ajaft3t oxidation.

W~COeSO Of 1Oy V1se~tity #&-A Alb VZ14t~lLty WA4 the ff~tet*Ctw. ýrojpetis

of tatbrdeaoo P.'rto iM*..I*l got~*V.~~haf byteopote r h O

Oxides.

UStac et tatt '.h* c~rrobn~ roistatAco of b~arldoe Is %hi6tr toas the

reoa'enwo of Ume~~h~' vrA,03. Wai #isa 4mte so of t"i saetels

*%ovi b@wovor Cwat thi 1tv~r.ionco of b,).,u a~le im the jr* a~cts or ukda1*lO

"xIeAcittw t14* 'tao c~awa~t of 3 0. to tu 144'..r )eY~rs of tumae t Iias 1* ea.

-s *14%~~l~Frbfit, %Iast.-roo in th. .ti I-aoiirs k3,C Is6 lrqctlcdlly n-aint

shutwWW*-r Aio*loxitct.u,, Jjtfq,*j.),;

at~ tess 4jtva. b 0 t.4ra.4, t~ari.t liyo J tu C.'Alta "~s~ tnL .tlAan

siotsto..tt it Iti- )d4WVO as hli .t-AUtLilt94a.fa u' 13

* S ~~~~tho ýTiJ.lhc- af b !I S1A1 i~4.T'V 1¶~.1ti ?.ajd mnir.



the escaping gas*& (00. C02* N12 ) roaset In the opposite wajy; they loomema the

stale*

Thus It &Vy be yr~sumoA that. amiftr' oxidation of boridess a process of

*self -hoalinal of the sca1e occuaraa1thmuih to a lesser degre. than With

Ss~icialas '172.. Upom the appearance of a 53511 crack or s~w Other defeat

in the Scale, sCA intensive oxidatiOn of the boride, bsdins; tho products of

oxidation (#.O 4 840 ). aleb ooeum a ltre:. q~~z.uickly fill the crack,

thus krovantni" the meceoas of oxyges. After teat, too g-eater part of the

boron oxide evaprwutes. leavijiZ a don," loyer of' 3*tal ox4-1o Owel4tsq; the

crook*

SealeSt -. t ro. The *zt4dy of tb. stole &tructur*w43v .~aa& on prepared

-. seciloft* Of t1ha SCQ4O and& 4133 06 bli.U* 260113as. In S33 OUaS3. thi 8iuvlss

*wore drtncch4 withb juyish- %etzrn. TA#cAazje Is tb* adtor awja.rdCe

of tbe atopl8 durlr.nj~it~mi~a tAfItU.~ Vas ais-4mptiaa t-4 first a m.choml-

cal sixtqr# of wtal axitlis and 1;;0 tari,. A.0ter a voilo, the3 c~ojtet-

"to the outor Wayr# of the ie4.o bec~aus .a,,litlblo. In a4l~yaT11,c

-. ean Zril. - CrU3 %rj *v4tr~lly for" is a i ~neb.iz-a 'iiture Of OXI-108 Of the

torr4J~io"We cutiAla. la all~ya ?I5ý - Cr3, tho char~eter 4f the seat*

dl ~er c4.t~ 4rabjy fri t4-a TIJý fav CrU, .. 4c.

* ~~The st~y of %U'4 obltia.u aactlus aii too t-rt;arad *ti at2o tu. scal#

114wo In tui *u41t~iiA~yorA .- 3~*j far,& tee Im...r 1ayurt* JI v-IO

co3uittt at 1:,-sr jA1i±4a MO 4w. .(). *tI 3ea48ec ): eja ..rvtlvjlY t.,th

)&f v ... s 4. - t4 ti.. -.uv .. a of tn '** to eea~

Ut U tt1,2tO 1u*. -Itti V',rýw !Us V, ~?.ur~Iso



-f tlar of tia su w at• gosaple ceap& from eliush-bloick thramo &all-.blaek

VIA" Ve tro S -uift•. 1adtansottly, b ahs wface eaaracter coamps ta a

very set 41O (Masu"oVOt) surface to 46 0-.11 =. In 4MYatrig the an&&

""ad obliqeaws at' tho scale (1FI. 8) sad the epre.rM scetions& a .i..k

layer carlwl anpoes betwees the barld. base &r4 the thick wixite ayer ot ZT02-

An these facts ua be explained by the formation of lower oxiaes z sirmoanitm

pvtsbly &. the sxlstesce of which h" been de.,id in the majority of studies

f[l. 19]o. Boweve, Ut cncluiasn rogarding t-t. -latencs of U-0 ( zr2e)

wan confirm"d by -adceal and x-ray diffraction a-alysea in subs*42at studies

.20). The data obtained in the present work also ooof tra the promwee of

lower zirconium mxdes.

. . "•Z.•&, .,

. - ~.i. , - '.i

... 8 caom ai.c.-a w b-..

(i) Rorh. banses (B) t..in black .ayera. of lower xo

I .4t

"(p r o b a.b l -. , , .- ( 0 ) -a e o ... .. .. . .. .



0 •

Thus it can be inssumtc that oxidation of ziroiIuia boride at l0O ~

* -. occurs in the following vy. ln the Initial period (I to 2 hours) a film

forms on the surface of the borid. of ZrO vhich Is covered by a layer of awe

"liquid .boron oxide or having a solution of ZrO In it. ".n the co'•rae of the

i next 10 to 20 hours, as a result of diffusion of o:y£on, ZrO Is oxidized to

02* 3•.ing by the outer appearance of the scala, at t:•it. staj.* oa ixit.ion,

"It can be azauAed thut oxidation of ZrO occur alon,• the entire thickn6ss •f

th. -.itroous layer of buron o*ide and the forQing purttcles of ZrO2 for- a
02

sinilar muponian in B4O3. Upon ftrther oxidation, the boron oxide gradually

Ovdadorhte.% and on tVi surf aco of the sapnle of ZrO2 it -rddually fdr~m a ac•aue.

The Inn.r layera of ZrO2 are vury dense and nard, and tneroi.ore the ZrO layer

* .retains a considorable thickness.
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